An ever increasing knowledge of the essential functions of vitamin B6 has emphasized the need for reliable and rapid methods for its quantitation in a variety of samples, including physiological fluids, biological materials and foods.
The analytical procedures, which have been commonly employed, involve prepara-tion of a sample extract, fractionation or purification, and quantitation of respective fractions. The methods used for the sample preparation appear to be still the subject of further elaboration since no single method has been devised giving optimum extraction with all types of samples. Fractionation of the vitamin into respective forms is a prerequisite for their differential assays and is often inevitable to increase the specificity or sensitivity of the assay method. Ion-exchange chromatography is widely and successfully employed for fractionation. A wide variety of quantitation methods have been used for determination of vitamin B6 in crude extracts and fractionated samples (in most cases) involving microbiological (1-4), enzymic (5, 6) , fluorometric (7-9) and colorimetric (10) (11) (12) (13) (14) (15) methods. Each method has certain characteristic merits on one hand but also intrinsic disadvantages based on the principle involved. Microbiological assay, while it is still widely accepted for routine analyses because of the relatively high specificity and sensitivity, shows a tendency to give values of wide variation and scattering by its purely relative nature. The enzymic technique so far developed has limited application since it can detect only pyridoxal (PAL) phosphate. The fluorometric method suffers from practical difficulties in effecting a complicated chemical or enzymic, or both reactions to produce the fluorescent derivative, pyridoxo-4: 5-lactone, from respective members of vitamin B6. The colorimetric method is gaining more acceptance because of its simplicity of procedure and relatively high reproducibility of the analytical results. However, it is hampered by possible errors arising from the instability of the color-producing reagent and from contamination of the sample with substances that produce positive color reactions.
A recent promising development in the present authors' laboratory makes use of diazide of 5-chloroaniline 2,4-disulfonyl chloride (ASC) as a color producing reagent in vitamin B6 determination (16) . The diazide couples with aromatic nuclei and thereby gives orange-colored products from respective mem bers of the vitamin. This relative non-specificity simplifies the quantitation procedure, but on the other hand requires elimination of phenolic and amino aromatic contaminants from the sample to be analyzed, with the application of chromatographic technique in which the respective members can be separated from each other and from the contaminants, this requirement appears to present little practical difficulty. The stability and its relative non-specificity make it suited to an automated systematic analysis of the vitamin.
Recent instrumental progress in the field of liquid chromatography permited the present authors to develop a semi-automated analytical system in which an ion-exchange column is employed in combination with the reagent system developed by the same authors (16) . The analytical system described in the present paper can be regarded. as a prototype of more a sophisticated or fully automated system, nevertheless it allows the complete analysis of PAL, pyridoxine (PIN) and pyri doxamine (PAM) within 2hr.
EXPERIMENTALS

Material
Unless otherwise noted, analytical grades of chemicals were employed without further purification.
Standard mixture. The analyzer was standardized with a mixture containing known quantities of PAL, PIN, PAM and desoxypyridoxine (DOP). DOP, unconventional in biological materials, served as an internal standard for daily correction of any difference in the analytical conditions and as check of the daily reliability of the analyzer. The mixture was prepared in 0.4M NaH2PO4.
Resin and column eluants. The ion-exchange resin employed for the vitamin separation was Aminex A-5 purchased from Bio-rad. 0.4N Na+ phosphate was used for the elution of the vitamin from an Aminex A-5 column as well as for column regeneration and reequilibration. To increase peak resolution, 2% n -propanol was added to both the initial eluant (0.4M NaH2P04, pH 4.30) and working buffers (pH 5.15 and 5.80), made from stock solutions of 0.4M NaH2PO4 and 0.2M Na2HPO4. 0.133M Na3PO4 was used for the column regeneration. Color producing reagents. The reagents employed were identical to those described previously (16) . ASC was prepared by the method of NOVELLO et al. (17) and recrystallized from a mixture of benzene and hexane. Methanol was puri fi ed by refluxing with a sufficient amount of furfural. 750ml of diazide reagent was prepared in the following manner; 1g of ASC was dissolved in 250ml methanol, 250ml each of 0.5N HCl and 0.33% NaNO2 were added successively and the mixture was allowed to stand at room temperature for about 5min with occasional stirring. The mixture was cooled and then degassed gently for 30min to remove nitrogen oxide and other dissolved gases. If the reagent solution contained precipitates, it was clarified by filtration. The diazide reagent solution was kept stoppered in a refrigerator until it was used. Its coupling capacity with the vitamin was unaltered for at least 24hr under these conditions. Sodium acetate (2.4M) was employed to adjust the pH of the reaction mixture. When portions of the acetate were mixed with equal volume of the diazide solu tion and 2 volumes of phosphate buffer, pH 4.30, 5.15 or 5.80, its buffering capacity was sufficient to adjust the pH to 5.60, 5.80 and 6.08, respectively. The observed pH changes were within the range of ensuring optimal and reproducible color development as indicated previously (16) .
Analytical system
A schematic diagram of the analyzer, a prototype bench assembly proved most satisfactory, is shown in Fig. 1 . Unless otherwise noted, all components of the analytical system are recently available equivalents similar to those used in a commercial amino acid analyzer.
Pumps. The eluting buffers were forced to pass through the column at A precalibrated Teflon tubing with a 1mm inner diameter accomodated a definite volume of sample liquid, 0.52ml in this study, and stored it until a new analytical cycle commenced when the valve was rotated to place the preloaded sample loop into the elution system thus permitting the elution buffer to dispense the sample liquid into the column. Detector. The capillary stream coming from the reaction bath was moni tored in a flow photometer fitted with an absorption cell having 3mm light path. A transistorized DC power supply was used to light a tungsten lamp in the photometer at approximately 90% of its rated voltage. A monochromatic light was obtained from the stabilised lamp by means of an interference filter trans mitting maximally at 440nm with a half-band width of 10nm. The output from the photovoltaic cells in the photometer operated the recorder (model 3046, Yokogawa Electric) on a range of 0 to 10mV with a chart speed of 20cm/hr.
Flowmeter. As is in conventional amino acid analyzer, the flow rate of the fl uid flowing from the absorption cell was determined and maintained by the use of a precalibrated flowmeter made of a glass tubing and an air bubble inlet.
Operation
The photometer and the DC power supply was switched on 30min before the start of analysis. After the temperature of the analytical column and reaction bath was checked, the following procedure was started:
1) The sampling valve was turned to disconnect the sample loop from the buffer line, and the buffer pump was switched on. The flow rate, which should be 50ml/hr (or at a predetermined rate of 45 through 55ml/hr), was measured and recorded. The loop was flushed and filled with the sample liquid to be analyzed by applying suction with a syringe.
2) The sampling valve was turned back to its original position, the sample loop was connected to the buffer stream from the pump, and the peristaltic pump was turned on to send the diazide and the acetate into the column effluent. After the mixture of the effluent and the reagents reached the photometer, the baseline was adjusted to 0 with the potentiometer in the photometer. The flow rate was checked and recorded. It should be 100ml/hr (or double the buffer flow rate).
3) The stopcock assembly was turned 15 and 70min after the start of analysis to feed the buffer pump with working buffers of pH 5.15 and 5.80. 4) At the conclusion of analysis, as indicated by the completion of the recording of DOP peak on the chart, the peristaltic pump and the recorder were turned off. 5) To regenerate the column, the stopcock assembly was turned to supply 0.133M Na3PO4 to the pump. About 5min later , the stopcock assembly was turned to join the initial eluant reservoir to the pump (regenerant may be introduced into the column via the sampling loop). The pump was left on for about 30min to complete the reequilibration of the column .
6) The above procedure wsa repeated for the next run . If another run was not to be made immediately , the buffer pump should be turned off either at step 4 (but no sooner than 5min after the stop of the peristaltic pump to insure that the reaction coil was cleaned of the color-producing reagent) or at step 5 after completion of column reequilibration .
Calculation
The peak on the effluent was integrated by the HW method of SPACKMAN et al. (18) . The net height of the peak in absorbancy (H) was easily determined from the chart. Peak width at half height (W) was measured to 0 .1mm with a vernier caliper. In the calibration of the analyzer system with a standard mixture of the vitamin, the product of H and W was divided by the amount of each component added to the column. The constant thus obtained was em ployed to divided HW from the analysis of unknowns. The constant calculated for the internal standard DOP gave a measure for the mechanical errors during analysis or handling of the sample. is satisfactory for their identification and quantitation. The average values of 12 determinations with standard deviations (SD) for the peak positions expressed in terms of elution time are given in Table 1 . The peak positions are fairly constant with SD of less than 2% throughout this series of analyses, indicating a satisfactory performance of the column and its elution system. In common with many ion-exchange chromatographies, elution profile of vitamin B6 in the present system was highly dependent on many operating para meters.
The Monitoring system A variety of methods and their modifications have been reported for the determination of vitamin B6 in chromatographic effluents . Based on the prin ciple involved, fluorometric and colorimetric methods are acceptable for a con tinuous in promptu quantitation of the effluents . While the fluorometric method is usually deemed to be highly sensitive, complexity of the reactions required for derivation of fluorescent compound (7-9) makes the method almost unacceptable for any type of automated analysis. The colorimetric method with an appropriate reagent having chemical reactivity common to every member of vitamin B6 appears to be uniquely suited to the continuous quantitation of the effluents . The reagent to be used for this purpose must fulfill the following requirements: the color formed be linear with concentration , stable and of the requisite sensitivity; procedures for the color formation be simple; and, the reagent be stable enough to be prepared and stored under conventional conditions .
Among the reagent systems reported in the literature , 5-chloro-2,4-disulfamyl aniline diazide developed by URBANYI and BUDAVARI (15) appeared to be most promising for its relatively high sensitivity. Colorimetry with this reagent suffers however from its unstable nature in solution . In comparison the diazide of ACS proved to be favorably stable in acidic solution , and was thus successfully Elution time and recovery of DOP in respective runs were employed in the diagnosis of malfunction or errors in operation of the system and in the as sessment of the validity of the analytical results. Elution time was a valuable indicator of the system function. Mechanical errors in sample handling and sensitivity changes during a series of analyses were indicated by decrease (or increase) of DOP recovery. These errors or losses, although undesirable, can be corrected for by comparing recoveries of DOP in experimental and standard runs.
Analysis of biological materials
The analyzer system was employed in the authors' laboratory for measuring vitamin B6 content in several biological materials and pharmaceutical preparation . The system proved to be satisfactory and reliable for the vitamin quantitation of pharmaceutical products which yielded relatively simple chromatograms composed mainly, but not exclusively, of PIN peak. The biological materials usually gave many unidentifiable peaks besides the vitamin peaks. A typical chromatogram recorded with rice bran extracts is reproduced in Fig. 4 . The amounts of PAL , PIN and PAM detected were in an agreement with those reported in the litera- tore (4, 7, 8) .
Samples from fodder yeast cells, wheat flour, and rat liver gave chromatograms that resemble those given in Fig. 4 . Details of the analytical data together with an improved procedure developed for hydrolytic extraction of the vitamin from varied biological materials will be reported on elsewhere.
